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(57) ABSTRACT

An embodiment enables an operating system to load multiple
device drivers for a single device without interfering in the
operations ol the device. Multiple device drivers may be
needed 1n order to communicate with the device. In one
embodiment, a device, such as disk drive, 1s configured to
present 1ts 1dentification information 1 multiple forms that
are Tunctionally analogous. The disk drive 1s configured to
provide 1ts serial number in different forms that convert to a
same 1dentification. For example, the disk drive may provide
its serial number using diflerent cases, such as uppercase or
lowercase text. The difference in 1s transparent to software
applications, and thus, does not atfect the operations of the
device. However, the different forms of the serial number are
reported to the operating system as different numbers, and
thus, enable the operating system to load different device
drivers for the same device.

18 Claims, 4 Drawing Sheets
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LOADING DIFFERENT DEVICE DRIVERS
FOR ONE DEVICE

BACKGROUND

When a universal serial bus (“USB”) disk drive 1s plugged
into a Microsoit Windows™ computer, a standard procedure
1s utilized by the operating system to make the disk drive
usable. The operating system will use the disk drive’s 1denti-
flers to search for a suitable device driver and records this
setting 1n 1ts registry. For example, the operating system que-
ries the disk drive for 1ts vendor identifier (VID), product
identifier (PID), serial number, and capabilities. Then, the
operating system looks up which driver to use 1n 1ts registry
database. If 1t finds an entry for the device, then it loads the
device driver. It 1t does not find an entry for the device, 1t
means this 1s the first time this particular disk drive has been
plugged into the host computer. Then, the operating system
searches for a suitable device driver. [T 1t finds a usable driver,
it records the driver’s information in the registry so 1t does not
have to search again the next time. Once the driver has been
found and loaded, the disk drive 1s usable.

Sometimes, however, it may be necessary to use two dii-
terent device drnivers for the same device at different times.
For example, since the operating system remembers which
drivers 1t selects for a particular device, this 1s usually accom-
plished by changing the device’s PID or serial number. Unifor-
tunately, this causes complications since changing the
device’s PID or serial number usually confuses other appli-
cations running on the computer that assume a particular
levice’s i1dentifiers remain constant. Changing any of the
evice’s information will lead the operating system to think
ne disk drive 1s a different one and therefore associate the
rive with a different registry key. Accordingly, 1t would be
esirable to provide methods and systems for improving the
oading of different device drivers.

[—

BRIEF DESCRIPTION OF THE DRAWINGS

Systems and methods which embody the various features
ol the invention will now be described with reference to the
tollowing drawings, in which:

FI1G. 1 1s a block diagram 1llustrating a storage device that

1s coupled to a host device.

FIG. 2 illustrates a block diagram illustrating a storage
device that may be coupled to a host device via a plurality of
interfaces in accordance with an embodiment.

FIGS. 3-3 A 1llustrate an exemplary process flow for load-
ing a plurality of device drivers for a storage device.

DETAILED DESCRIPTION

The present invention relates to enabling an operating sys-
tem, such as the Windows™ operating system, to load mul-
tiple device drivers for a single device without interfering in
the operations of the device. In some embodiments, the oper-
ating system selects device drivers based on a product 1den-
tification, a vendor 1dentification and a serial number. Mul-
tiple device drivers may be needed in order to support
different interfaces used to communicate with the device. In
order to enable multiple device drivers, the embodiments
provide a device, such as disk drive, that 1s configured to
present 1ts 1dentification information 1 multiple forms that
are Tunctionally analogous. In one embodiment, a disk drive
1s configured to provide its serial number in different forms
that convert to a same 1dentification. For example, the disk
drive may be configured to provide 1ts alphanumeric serial
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number using different cases, such as all uppercase and all
lowercase. The variation of case 1n the serial number 1s trans-
parent to soitware applications, and thus, does not atfect the
operations of the device. However, the different forms of the
serial number are reported to the operating system as different
numbers, and thus, cause the operating system to load differ-
ent device drivers for the same device.

Certain embodiments of the inventions will now be
described. These embodiments are presented by way of
example only, and are not intended to limit the scope of the
inventions. Indeed, the novel methods and systems described
herein may be embodied 1n a variety of other forms. Further-
more, various omissions, substitutions and changes in the
form of the methods and systems described herein may be
made without departing from the spirit of the inventions. To
illustrate some of the embodiments, reference will now be
made to the figures.

FIG. 1 1s a block diagram illustrating a storage device that
1s coupled to a host device. As shown, a host device 100 may
be coupled to a storage device 102 via a single interface, such
as a USB interface. For purposes of 1llustration, the storage
device 102 may comprise an 1identifier 104 and the host device
comprises a registry 106.

Host device 100 refers generally to any computer or sys-
tem. For example, the host device 100 may be a personal
computer, a laptop computer, a server, a tablet computer, a
mobile device, etc. Host device 100 may comprise well-
known hardware, firmware, and software. For example, host
device 100 may comprise a processor (not shown) executing
an operating system, such as the Windows™ operating sys-
tem.

In addition, as shown 1n FIG. 1, the host device 100 may
comprise a communications interface, such as a USB 1inter-
face, for communication with the storage device 102. As 1s
well known, USB 1s an industry standard interface that
defines cabling, connectors, and communications protocols
for communications between a computer, such as host device
100 and a peripheral device, such as storage device 102.

Registry 106 1s a database used by the host device 100 to
store configuration settings and options. In general, registry
106 refers to any data structure or database that contains
settings for low-level operating system components as well as
the applications running on the platform. These components
in the registry 106 may include, but are not limited to the
settings managed by the kernel, device drivers, user interface,
and third party applications installed on the host device 100.
The registry 106 may be structured as a set of two basic
clements (not shown 1n FIG. 1): keys and values. A registry
key serves as a reference value and may have a hierarchy of
subkeys. Registry values are name and data pairs stored
within the keys. Registry values may be referenced separately
from registry keys.

Storage device 102 refers to any data storage device that
may be coupled to the host device 100. For example, the
storage device 102 may be a hard disk drive, a flash drive, a
solid-state drive, a hybnid drive, a network attached storage,
etc.

Identifier 104 1s a unique identifier presented by the storage
device 102. For example, the storage device 102 may provide
the 1dentifier 104 as a hexadecimal value. In turn, the host
device 100 may perform a lookup or query to determine an
appropriate device driver. This configuration mnformation 1s
then stored 1n the registry 106 as a registry key.

FIG. 2 illustrates a block diagram illustrating a storage
device that may be coupled to a host device via a plurality of
interfaces 1 accordance with an embodiment. For purposes
of illustration, the principles of the present mmvention are
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explained with reference to a storage device, such as a disk
drive, having multiple USB interfaces including at least one
USB 2.0 and at least one USB 3.0 interface.

In particular, the host device 200 comprises a registry 206
and may communicate with a storage device 202. In contrast
to the system shown 1n FIG. 1, however, the host device 200
may communicate with the storage device 202 via multiple
interfaces. Accordingly, the storage device 202 may comprise
a conversion module 208 and conversion map 210 for 1its
identifier 204 and to support these multiple interfaces. In the
example shown, the storage device 202 may comprise mul-
tiple USB interfaces, such as at least one USB 3.0 interface
212 and at least one USB 2.0 interface 214.

USB 3.0 interface 212 refers generally to any interface that
1s compatible with USB 3.0. As 1s known, USB 3.0 supports
transmission speeds of up to 5 Gbit/second. USB 2.0 interface
214 refers generally to any interface that 1s compatible with
USB 2.0. USB 2.01s known to support transmission speeds of
up to 480 Mbit/second.

Of note, although USB 3.0 1s intended to be backwards
compatible with USB 2.0, USB 3.0 and USB 2.0 devices
require different device drivers. This may result in a contlict
within the registry 206 of host device 200. In particular, the
registry 206 will correlate the storage device 202 with a single
device driver. This device driver 1s indicated based on the
identifier 204 and key/value pair stored 1n the registry 206. By
convention, the storage device 202 1s typically limited to
using one identifier 204, such as “WD123456.” as its 1denti-
fier. Multiple identifiers for a single device 1s generally pro-
hibited. For example, for USB devices, multiple PIDs for a
single device are prohibited. As explained below, the embodi-
ments provide a mechanism for supporting multiple inter-
faces that require different device drivers without violating
the single identifier rule.

In particular, the storage device 202 may comprise a con-
version module 208 and a conversion map 210. The conver-
sion module 208 refers to any logic or program code that
allows the storage device 202 to translate one or more of 1ts
identifiers, such as identifier 204, into multiple versions. The
conversion module 208 may be implemented in hardware,
firmware, soitware running on the storage device, or any
combination thereof.

The conversion map 210 provides a mapping or conversion
data structure for indicating the multiple versions of the 1den-
tifier 204. For example, as shown 1n FIG. 2, the conversion
map 210 comprises two versions of the identifier 204, 1.¢.,
“WD123456 and “wd12456.” The version “WD123456” 1s
mapped to the USB 3.0 mterface 212. The version
“wd123456” 1s mapped to the USB 2.0 mterface 214. Of
course, the embodiments may accommodate any number of
interfaces, port types, and versions of the 1dentifier 204. A
process tlow for loading multiple device drivers will now be
explained with reference to FIGS. 3-3A.

FIGS. 3-3 A illustrate an exemplary process tlow for load-
ing a plurality of device drivers 300 in the host device 200 for
the storage device 202. In general, the embodiments provide
a mechanism by which a single 1dentifier 204 for the storage
device 202 may be presented in different versions to the host
device 200. These versions thus enable the host device 200 to
correctly load multiple device drivers for the storage device
202.

For purposes of illustration, the process flow assumes that
the storage device 202 first interfaces with the host device 200
via 1ts USB 3.0 interface 212, and at a subsequent time, then
interfaces with the host device 200 via its USB 2.0 interface
214. However, those skilled 1n the art will recognize that the
embodiments do not require any particular order. In addition,
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those skilled 1n the art will recognize that the embodiments
may support converting or mapping an identifier for the stor-
age device 202 to any number of values in the registry 206 of
the host device 200.

In addition, the embodiments may provide for providing
different versions of other identifiers for the storage device,
such as VID, serial number, etc. Any value that 1s used to
indicate a device driver 1n the host device 200 may be imple-
mented as part of the embodiments.

Referring now to FIGS. 3 and 3 A, first, the host device 200
may be coupled to storage device 202 via 1ts USB 3.0 inter-
face 212. As shown, the storage device 202 comprises a single

identifier 204 that 1s presented as its identifier, such as
“WD123456.” to the host device 200.

Second, the storage device 202 may refer to a conversion
map 210. As shown, the conversion map 210 comprises mul-
tiple versions of the identifier 204 and maps them to a specific
interface or interface type. In particular, in the example shown

in FIGS. 3 and 3A, the conversion map 210 comprises two
different versions of the identifier 204, 1.e., “WD123456” and
“wd123456. The i1dentifier “WID123456” 1s mapped to the
USB 3.0 1nterface 212. The identifier “wd123456” 1s mapped
to the USB 2.0 interface 214. As may be evident, these ver-
s10ms are substantively the same, for example, 1n ASCII form,
but differ in the case of the letters “WD” versus “wd.”

Third, data storage 202 provides the 1dentifier 1n hexadeci-
mal form via the USB 3.0 interface 212. The data storage
device 202 may provide this hexadecimal value 1in response to
a request Irom the host device 200. For example, the identifier
WD123456 may correspond to hexadecimal value
“5744313233343536,” which storage device 202 provides to
the host device 200. Host device 200 then enters this hexa-
decimal value in the registry 206 and determines a registry
key of 1127,

Fourth, data storage 202 then loads a device driver 300
based on the registry key value of “112,” 1.e., a device driver
300 for a USB 3.0 interface. The device driver 300 may be
provided from a variety of sources (not shown), such as the
operating system, a network location, efc.

Retferring now to FI1G. 3A, fifth, the host device 200 may be
coupled to the storage device 202 via a different interface
requiring a different device driver, such as the USB 2.0 inter-
face 214. As noted, the storage device 202 still comprises the
same 1dentifier 204 “WD123456.” However, as explained
below, the storage device 202 enables the host device 200 to
load a different device driver for this USB 2.0 interface 214 by
presenting a different version of the identifier 204.

For example, sixth, the storage device 202 refers to con-
version map 210 and identifies a version of the identifier 204
for the USB 2.0 interface 216. For example, as shown in FIG.
3A, “wd123456” 1s the mapped version of the 1dentifier 204
for the USB 2.0 interface 214, which i1s indicated in the
conversion map 210.

Seventh, the storage device 202 provides the identifier in
hexadecimal form wvia the USB 2.0 interface 214. For
example, the identifier “wd123456” may correspond to hexa-
decimal value “7764313233343536,” which 1s provided by
the storage device 202 to the host device 200. Thus, as can be
seen, the minor difference 1n the versions of the identifier 204
in the conversion map 210 results 1n an allowable difference
in the hexadecimal identifiers provided to the host device 200,
1.e., “5744313233343536” versus ““7764313233343536.
The storage device 202, however, 1s still considered to have a
single value for identifier 204. The host device 200 then enters
this hexadecimal value 1n the registry 206 and determines a
registry key of ©149.”
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Eighth, data storage 202 then loads a device driver 300
based on the registry key value of 149, 1.e., a device driver
300 for a USB 2.0 interface. The device driver 300 may be
provided from a variety of sources (not shown), such as the
operating system, a network location, etc. Therefore, the host
device 200 may interface with storage device 202 with mul-
tiple device drivers.

The features and attributes of the specific embodiments
disclosed above may be combined 1n different ways to form
additional embodiments, all of which fall within the scope of
the present disclosure. Although the present disclosure pro-
vides certain embodiments and applications, other embodi-
ments that are apparent to those of ordinary skill 1n the art,
including embodiments, which do not provide all of the fea-
tures and advantages set forth herein, are also within the scope
of this disclosure. For example, the present disclosure is
described with reference to a storage device, such as a hard
disk drive, coupled to a host device via a USB interface. The
invention may also be implemented 1n other types of devices,
such as a peripheral device, a flash drive, a solid-state drive, a
hybrid drive, a network attached storage, that communicate
via USB. In addition, the invention may be implemented for
other communications protocols. Accordingly, the scope of
the present disclosure 1s itended to be defined only by ref-
erence to the appended claims.

What 1s claimed 1s:

1. A method of enabling multiple device drivers for a single
device coupled to a host, said method comprising:

receiving, via an interface between a host and a device, a

query irom the host for identification information from
the device:

selecting, by the device, one of a plurality of versions of a

same value of an alphanumeric identification 1nforma-
tion based on the query and the interface; and providing,
by the device, the selected version of the same 1dentifi-
cation information to the host, wherein the host is con-
figured to load a device driver for the device responsive
to the selected version of the same 1dentification nfor-
mation.

2. The method of claim 1, further comprising;

receiving, via a second interface between the host and the

device, a second query from the host for identification
information from the device:
selecting, by the device, a second version of the same value
of the alphanumeric 1dentification information based on
the second query and the second interface: and

providing, by the device, the second version of the same
identification information to the host.

3. The method of claiam 1, wherein selecting one of a
plurality of versions of the same identification information
comprises selecting one of a plurality of versions of a serial
number for the device.

4. The method of claim 3, wherein selecting one of a
plurality of versions of the serial number for the device com-
prises selecting a serial number corresponding to a universal
serial bus version 2 interface.

5. The method of claim 3, wherein selecting one of a
plurality of versions of the serial number for the device com-
prises selecting a serial number corresponding to as universal
serial bus version 3 interface.
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6. The method of claam wherein providing the selected
version of the same i1dentification information to the host
comprises converting the selected version of the same 1den-
tification information into a hexadecimal format.

7. A storage device configured to operate with multiple
device drivers when coupled to a host, said storage device
comprising;

a plurality of nterfaces configured for communications
with the host and to receive a query from the host for
identification information from the storage device; and

a controller configured to select one of a plurality of ver-
stons ol a same value of an alphanumeric 1dentification
information based on the query and the interface by
which the query was recerved and provide the selected
version of the same identification information to the
host, wherein the host 1s configured to load a different
device driver for the storage device responsive to the
selected version of the same 1dentification information.

8. The storage device of claim 7, wherein the plurality of
interfaces rises a universal serial bus version 2 interface.

9. The storage device of claim 7, wherein the plurality of
interfaces comprises a universal serial bus version 3 interface.

10. The storage device of claim 7, wherein the controller 1s
configured to select one of a plurality of versions of a serial
number for the storage device.

11. The storage device of claim 10, wherein the plurality of
versions of the serial number comprise the alphanumeric
information and the versions differ based only on a case of the
alphanumeric information.

12. The storage device of claim 7, wherein the controller 1s
configured to provide the selected version of the same 1den-
tification information 1n a hexadecimal form to the host.

13. A storage device configured to operate with multiple
device drivers when coupled to a host, said storage device
comprising;

a plurality of interfaces configured for communications
with the host and to receive a query from the host for
identification information from the storage device; and

a controller configured to determine one of a plurality of
versions of a same value of an alphanumeric identifica-
tion 1nformation responsive to the query and the inter-
face by which the query was received and provide a
version of the same identification information to the host
wherein the host 1s configured to load a different device
driver for the storage device responsive to the selected
version of the same 1dentification information.

14. The storage device of claim 13, wherein the plurality of

interfaces comprises a universal serial bus version 2 interface.

15. The storage device of claim 13, wherein the plurality of
interfaces comprises a universal serial bus version 3 interface.

16. The storage device of claim 13, wherein the controller
configured to determine one of a plurality of versions of a
serial number for the storage device.

17. The storage device of claim 16, wherein the plurality of
versions of the serial number comprise the alphanumeric
information and the versions differ based only on a case of the
alphanumeric information.

18. The storage device of claim 13, wherein the controller
1s configured to provide the selected version of the same
identification information 1n a hexadecimal form to the host.
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